Juvenile idiopathic arthritis (JIA) is one of the most common forms of pediatric chronic arthritis. JIA is a clinically heterogeneous disease. Therefore, the genetic background of JIA may also be heterogeneous. The aim of this study was to investigate associations between human leukocyte antigen (HLA) and susceptibility to JIA and/or uveitis, which is one of the most devastating complications of JIA. A total of 106 Japanese articular JIA patients (67 with polyarthritis and 39 with oligoarthritis) and 678 healthy controls were genotyped for HLA-A, -B and -DRB1 by PCR-sequence-specific oligonucleotide probe methodology. HLA-A*02:06 was the risk factor for JIA accompanied by uveitis after adjustment for clinical factors (corrected P-value o0.001, odds ratio (OR) 11.7, 95% confidence interval (CI) 3.2-43.0). On the other hand, HLA-DRB1*04:05 was associated with polyarticular JIA (corrected P-value o0.001, OR 2.9, 95% CI 1.7-4.8). We found an association of HLA-A*02:06 with susceptibility to JIA accompanied by uveitis, which might be considered a separate clinical JIA entity. We also found an association between HLA-
INTRODUCTION
Juvenile idiopathic arthritis (JIA) is one of the most common forms of pediatric chronic arthritis, with an incidence of approximately about 10 per 100 000 children less than 16 years old. 1 JIA is clinically classified into subtypes, such as systemic arthritis, oligoarthritis and polyarthritis, according to the International League of Associations for Rheumatology (ILAR) classification criteria for JIA. 2 JIA is the leading cause of chronic anterior uveitis in pediatric cases, accounting for 30-40% of incidence. 3, 4 The prevalence of JIAassociated uveitis varies among different ethnic groups. Children of European ancestry have a higher relative risk for developing JIA-associated uveitis than those of non-European ancestry. 5 Risk factors for developing JIA-associated uveitis include antinuclear antibody positivity, early age at onset of JIA and female gender. 3, 5 However, the contribution of each risk factor may also vary among ethnic groups, presumably because of variations in genetic background. 6 Human leukocyte antigen (HLA) typing is considered useful for assisting in the diagnosis of autoimmune disease-associated uveitis such as HLA-B27-associated uveitis. 7 It has also been reported that HLA-DRB1*13 is associated with susceptibility to JIA-associated uveitis in a Caucasoid population. 8 Because the distribution of HLA alleles vary in different ethnic groups, the HLA-linked genetic background for JIA is also likely to vary among different populations. Currently, there is no information in the literature on the association between JIA-associated uveitis and HLA in Japanese. The aim of this study was therefore to investigate the association between HLA genes and clinical subtypes of JIA, especially JIA accompanied by uveitis in Japanese children. This is the first report on the association between HLA alleles and JIA accompanied by uveitis in the Asian population.
MATERIALS AND METHODS

Studied population
Patients were eligible, if they met the ILAR classification criteria for JIA oligoarthritis or polyarthritis (articular JIA). 2 All patients enrolled in this study were followed-up at the Yokohama City University Hospital between December 2006 and November 2009. A total of 106 Japanese articular JIA patients (86 female and 20 male; 67 with polyarthritis and 39 with oligoarthritis) were included in this study. Clinical data, including age at onset of arthritis and uveitis, gender, antinuclear antibody, rheumatoid factor and anti-cyclic citrullinated peptide status, were reviewed. Presence of uveitis was diagnosed by ophthalmologists at routine visits every 6 months. Written informed consent was obtained from each patient and/or their guardians. Japanese healthy control subjects (n¼678) were randomly selected, and an informed consent was obtained from each subject before blood sampling.
The study was performed in accordance with the Declaration of Helsinki, and the study protocol was approved by the Yokohama City University School of Medicine Ethics Committee and the Ethics Committee of Medical Research Institute, Tokyo Medical and Dental University.
HLA genotyping
JIA patients were genotyped for HLA-A, -B and -DRB1 by the PCR-sequencespecific oligonucleotide probe (SSOP)-Luminex method using Genosearch HLA-A, -B and -DRB1 Ver. 2 (Medical & Biological Laboratories, Nagoya, Japan), as described previously. 9 HLA genotyping data from 678 healthy Japanese controls selected at random were obtained for HLA-A and -DRB1 by the PCR-SSOP-based typing method as described previously 10, 11 and for HLA-B using PCR-reverse SSOP-based RELI SSOP HLA-B typing kits (Invitrogen, Carlsbad, CA, USA).
Statistical analysis
Frequencies of HLA allele carriers were calculated for each locus in patients and controls. The statistical significance of the differences in the frequencies between patients and controls was evaluated by Fisher's exact test. A corrected P-value (P c ) was calculated by multiplying the P-value by the number of alleles tested at each locus. A two-locus analysis was carried out to investigate interactions of the disease-associated HLA alleles for increasing disease susceptibility, according to the method of Svejgaard and Ryder. 12 Associations between JIA-associated uveitis and clinical variables were analyzed by Student's t-test and Fisher's exact test. Multiple logistic regression analysis was performed to investigate associations with JIA-associated uveitis. All statistical analyses were carried out using SAS system version 9 (SAS Institute, Cary, NC, USA).
RESULTS
Association between HLA and JIA susceptibility A total of 106 articular JIA patients and 678 healthy controls were genotyped for HLA-A, -B and -DRB1 to investigate associations of HLA with JIA susceptibility. It was found that frequencies of HLA-DRB1*04:05 and HLA-A*02:06 tended to increase in the patients (Po0.05, P c ¼not significant) ( Table 1) . Because the marginal association between HLA and JIA overall might reflect a stronger association between HLA and a specific clinical subtype of JIA, patients were stratified into polyarticular and oligoarticular types. This approach revealed that HLA-DRB1*04:05 was indeed highly significantly associated with polyarticular JIA (P c o0.001, odds ratio (OR) 2.9, 95% confidence interval (CI) 1.7-4.8), but tended to decrease in oligoarticular JIA (Table 1 ). In the latter, HLA-A*02:06 and HLA-DRB1*09:01 showed a tendency toward increased frequencies, but this did not reach significance after correction for the number of alleles tested (Po0.05, P c ¼not significant) ( Table 1) . No other HLA-A, -B or -DRB1 alleles showed any significant associations with either form of articular JIA.
Clinical and genetic characteristics of JIA accompanied by uveitis Because different HLA alleles showed associations with different subtypes of articular JIA, it is likely that the association of HLA with JIA would reflect the association with other specific clinical manifestations. Therefore, we investigated the clinical and genetic characteristics of JIA accompanied by uveitis.
Of 106 patients with articular JIA, 13 (12.2%) developed uveitis. All the patients with uveitis were female, but the gender difference was not statistically significant (P¼0.055). Mean age at onset of JIA in the patients with uveitis was 3.2 years (range 0-14) ( Table 2 ). The mean age for developing uveitis was 5.2 years (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , and the mean time interval between the onset of JIA and development of uveitis was 21.9 months (range À4 to 48), with one case developing uveitis 4 months before the onset of JIA. Oligoarticular onset, rheumatoid factor negativity (o14 IU ml À1 ) and low anti-cyclic citrullinated peptide (o4.5 U ml À1 ), as well as younger age at onset of JIA were all significantly associated with JIA accompanied by uveitis (Table 2) . Nine patients with JIA accompanied by uveitis responded well to topical corticosteroids and could discontinue medications for uveitis, but the remaining four additionally required systemic glucocorticoids or antitumor necrosis factor-a therapy for uveitis in the follow-up period. 13 Abbreviations: CI, confidence interval; HLA, human leukocyte antigen; JIA, juvenile idiopathic arthritis; NS, not significant; OR, odds ratio; P c , corrected P-value by multiplying a P-value by the number of alleles tested in each locus.
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To further investigate the association between HLA and JIA accompanied by uveitis, we compared the frequencies of HLA alleles among JIA patients with or without uveitis. As shown in Table 3 , the frequency of HLA-A*02:06 carriers was significantly higher in the JIA patients with uveitis (P c o0.001, OR 11.7, 95% CI 3.2-43.0). The frequency of HLA-DRB1*09:01 carriers was also higher in patients with uveitis, although this was not statistically significant after correction for multiple testing (P¼0.020, P c ¼not significant) ( Table 3) . No other HLA-A, -B or -DRB1 alleles, including HLA-B*27 (B27), DRB1*11 (DR11) and DRB1*13 (DR13), showed any significant associations with JIA accompanied by uveitis. 3, 5, 8 To investigate the contribution of HLA-A*02:06 and HLA-DRB1*09:01 with susceptibility to JIA accompanied by uveitis, we performed a two-locus analysis according to Svejgaard and Ryder (Table 4) . 12 This suggested a synergistic interaction of these two HLA alleles in susceptibility to this form of JIA. Thus, the odds risks conferred by A*02:06 in the presence or absence of DRB1*09:01 were 20.1 (test (3)) and 6.9 (test (4)), respectively; for DRB1*09:01 in the presence or absence of A*02:06, these values were 11.9 (test (5)) and 4.1 (test (6)), respectively (Table 4 ). In addition, the odds risk conferred by the presence of both HLA alleles was 81.8 (test (8)), which was much higher than A*02:06 alone (test (4)) or DRB1*09:01 alone (test (6)), further supporting a synergistic interaction.
Finally, we performed multiple logistic regression analysis to evaluate risk factors for JIA accompanied by uveitis, and demonstrated that HLA-A*02:06 was the most significant of these (P¼0.014, OR 7.8, 95% CI 1.5-40.5).
DISCUSSION
It is well known that genetic factors influence susceptibility to autoimmune disorders, such as rheumatoid arthritis and JIA. [14] [15] [16] HLA is one of the most important genetic factors for these kinds of diseases; there are also ethnic differences in the contribution of HLA to disease susceptibility. In the present study, we evaluated associations between HLA and susceptibility to articular JIA and its clinical subtypes, polyarticular and oligoarticular JIA in Japanese children (Table 1) . We found that HLA-DRB1*04:05 was significantly associated with polyarticular JIA, whereas HLA-A*02:06 and HLA-DRB1*09:01 tended to be associated with oligoarticular JIA. These findings imply the existence of genetic differences between the polyarticular and oligoarticular JIA.
HLA-DRB1*04:05 encodes an amino-acid sequence in the DRb chain, which is well known as an epitope shared between the HLA-DR molecules associated with susceptibility to rheumatoid arthritis in many ethnic groups 17, 18 including Japanese, 19 as well as polyarticular JIA in Taiwanese. 20 Although there is debate about whether rheumatoid arthritis and polyarticular JIA could be similar clinical conditions, 21 HLA-DRB1*04:05 may contribute to the pathogenesis of chronic arthritis at different ages and in different ethnic groups. Further studies are required to determine the molecular mechanisms by which HLA-DRB1*04:05 contributes to pathogenesis.
Herein, we found an association of both HLA-A*02:06 and DRB1*09:01 with susceptibility to JIA accompanied by uveitis (Tables 3 and 4) . In the clinical setting, the frequency of occurrence (1) Test (2) Test (3) Test (4) Test (5) Test (6) Test (7) Test (8) HLA-A HLA-A*02:06/HLA-DRB1*04:05 and subtypes of JIA M Yanagimachi et al of uveitis is one of the main differences between polyarticular and oligoarticular JIA (Table 2) . 4 Uveitis is one of the most devastating complications of JIA, because it causes posterior synechia, band keratopathy and cataract, which can result in a poor visual prognosis. 22, 23 Clinical risk factors for JIA-associated uveitis were also found to be associated with JIA-associated uveitis in Japanese (Table 2 ). In addition to these known risk factors, we found that HLA-A*02:06 was one of the risk factors. Using a two-locus analysis, HLA-A*02:06 and HLA-DRB1*09:01 were found to synergistically interact to increase susceptibility to JIA accompanied by uveitis. Because HLA-A*02:06 and HLA-DRB1*09:01 are not in linkage disequilibrium in Japanese, 24 two different genes in the HLA region might be responsible.
No patients with JIA accompanied by uveitis typed HLA-DRB1*13 positive in this study, although this allele has been reported to be significantly associated with such Caucasian patients. 8 There are several subtypes of HLA-DRB1*13; for example, DRB1*13:01 and DRB1*13:02, which vary in different ethnic groups. Because the majority of the DRB1*13 subtype in Japanese is DRB1*13:02, whereas it is DRB1*13:01 in Caucasians, the lack of association with DRB1*13 in our study might reflect these ethnic differences. In this regard, it should be noted that HLA-A*02:06 and HLA-DRB1*09:01 are relatively frequent in Japanese, but rare in European populations.
In this study, we demonstrated that JIA accompanied by uveitis was associated with HLA-A*02:06, which was not otherwise associated with JIA. This suggests that JIA accompanied by uveitis might be a specific clinical entity. It should be noted that HLA-A*02 (A2) is associated with susceptibility to anterior uveitis in adult patients 25 and JIA-associated uveitis in Caucasians. 14 In this regard, we should carefully follow-up the JIA patients carrying HLA-A*02:06 with respect to ocular complications.
We could not validate the association in this study. Although the genetic association should be validated in another cohort, the incidence of JIA and uveitis is too low to be validated in a single institution. Therefore, it is important to replicate the association between HLA-A*02:06/-DRB1*09:01 and JIA accompanied by uveitis in other cohorts including various ethnic groups.
In conclusion, we found an association of HLA-A*02:06 and possibly HLA-DRB1*09:01 with susceptibility to JIA accompanied by uveitis, which might be considered as a distinct clinical entity within JIA. Clinical subtypes of JIA may be classified by the presence of the specific HLA alleles, such as HLA-A*02:06 and DRB1*04:05.
